The insulin test is commonly performed to ascertain the completeness of surgical vagotomy for peptic ulcer. When he first introduced the test, Hollander (1948) described certain criteria by which to judge the result. A negative response, indicating complete vagotomy, was one in which acid concentration did not rise above basal values after insulin injection. A positive response, indicating incomplete vagotomy, was one in which acid concentration rose at least 20 m-equiv/l above basal values (or at least 10 m-equiv/l if basal secretions were anacid). These criteria have been widely accepted, but a number of authorities have suggested alternative criteria although none has met with uncritical approval (Waddell, 1957; Bachrach, 1962; Stempien, 1962; Bank, Marks, and Louw, 1967) .
One suggestion has been that there are two types of positive response after vagotomy (Ross and Kay, 1964 ). The first, described as 'early positive', is seen when Hollander's criteria are fulfilled within 45 minutes of the injection of insulin; this is said to indicate incomplete and inadequate vagotomy. The second, described as 'late positive', is seen when Hollander's criteria are fulfilled later than 45 minutes after the injection of insulin; Ross and Kay (1964) (Spencer, Burns, Cheng, Cox, and Welbourn, 1969) , however, that it may not be reasonable to apply identical criteria to both sexes when their secretory potential is known to be different; it would be more reasonable to apply lower criteria to women than to men. Therefore the results in females were also analysed using a rise of at least 15 m-equiv/l above basal concentration as the criterion for a positive response.
In each case the timing of the insulin response was noted by recording in which specimen the criterion for a positive response was first fulfilled. It was then possible to divide the patients into those showing 'early positive' and 'late positive' responses, using the 45-minute dividing line described by Ross and Kay (1964) and the one-hour division of Johnston et al (1967) .
The following were compared in the patients with early and late positive responses: basal acid concentration and output, rise in acid concentration after insulin, peak acid concentration (the highest concentration achieved in any 15-minute sample), and peak acid output after insulin (as peak half-hour output in m-equiv x 2).
RESULTS

TIMING OF THE POSITIVE RESPONSE TO INSULIN The
timing of positive responses is illustrated in Figure 1 . In the majority of patients the acid concentration rose to 20 m-equiv/l or more above basal concentration within 45 minutes of the injection of insulin. However, in 37 patients the response occurred later than this, and in 12 it occurred more than one hour after insulin. All subjects who achieved a positive Hollander response did so within 90 minutes of the injection of insulin. In two subjects the response to insulin never fulfilled Hollander's criteria. One was a boy aged 14 years in whom repeated testing revealed unusually high basal acid concentrations (88 m-equiv/l) and output (between 10 and 11 m-equiv/hour). At operation he had two duodenal ulcers; the pancreas appeared normal. 3-5 ± 3-8
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45-and the 60-minute limit. Using Hollander's criteria only 63 % of subjects had a positive response with 45 minutes. When the 60-minute limit was used to define early responses, the incidence was higher (88%). The incidence of early responses was greater in men than in women, though the difference was not significant. When the results in men were analysed by Hollander's criteria and lower criteria were used for analysis of the results in women (Spencer et al, 1969 ) the difference in the incidence of early responses between the two sexes was virtually eliminated.
CHARACTERISTICS OF THE RESPONSE TO INSULIN IN THE
'EARLY' AND 'LATE' RESPONDERS The basal acid concentration and output, the rise in acid concentral tion, peak concentration, and peak output after insulin in the patients with 'early' and 'late' responses to insulin, as defined by Ross and Kay (1964) and by Johnston et al (1967) , were compared (Table II) . The results may be summarized as follows:
Basal acid concentrations were consistently higher in the 'late positive' group; when the one-hour division was used the difference between the groups was significant.
Peak concentrations were very similar in all groups, with no significant differences.
The rise in acid concentration after insulin was greater in the 'early positive' group, the difference being significant when the one-hour division was used.
Late responders _o_01__0- Basal acid outputs showed no consistent trend, but in women the 'late positive' group had a significantly higher result when the one-hour division was used. By contrast the men in the 'late' group had a lower basal output, though the difference was not significant.
Peak acid outputs were similar in the 'early' and 'late' groups. Changes in acid concentration in the two groups are recorded graphically in Figs. 2a and b , which represent a 45-minute and 60-minute division respectively into 'early' and 'late' groups. The type of response was almost identical in the two groups except for its timing. The rise in concentration was equally steep in the two groups.
The timing of the peak concentrations in all males taken together is illustrated in Figure 3 . This shows a single peak with a 'skew' distribution which might be anticipated after a single injection of insulin. Had the two groups of patients been inherently different a double peak would be expected; this was not the case. 
DISCUSSION
The finding that nearly 40 % of patients with unoperated duodenal ulcers had late positive responses to insulin indicates that such a response can occur in association with 'unsafe' levels of acid secretion. This suggests that a similar response to insulin after surgery cannot be held to indicate 'adequate' vagotomy. The same inference can be drawn from the 24 % incidence of recurrent ulcers in patients with late insulin responses, reported by Johnston et al (1967) . Ross and Kay (1964) found that patients with late responses to insulin after vagotomy had a greater mean reduction in the augmented histamine response compared with preoperative values than did those with early responses. Johnston et al (1967) found that the incidence of recurrent ulceration was 68 % in those with early responses but only 24% in the late responders. It was therefore of interest to see whether the gastric secretory patterns of patients with intact vagi who had early insulin responses differed from those in patients with late responses.
When the 45-minute division of Ross and Kay (1964) was used, no significant difference was found. When the 60-minute division of Johnston et al (1967) was used, basal acid concentrations were significantly higher in the 'late positive' groups; this was associated with a significantly smaller rise in acid concentration after insulin, the peak concentration being almost identical. The even distribution of the timing of the Hollander response and of the peak acid concentrations suggested that the division into early and late responders was artificial and did not reflect any basic biological difference. This was consistent with the similar changes in acid concentration after insulin in the two groups. It may be that the late positive pattern was simply a reflection of higher basal concentrations, for it may be that subjects with a high 'vagal' tone under basal conditions require more prolonged stimulation before achieving a 'positive' response. The difference in basal concentrations, however, was only significant when the one-hour division into 'early' and 'late' groups was used.
It is of interest to speculate whether any positive response to insulin would indicate 'adequate' vagotomy. Our own data suggest that all patients with an intact vagus who achieve a positive Hollander response do so within 90 minutes of the administration of insulin. It may be argued that after vagotomy a response later than this might indicate adequate surgery. However, study of a larger group of patients might reveal a few with insulin responses even later than those found in this study.
It was also of interest that the different incidence of early positive responses in men and women disappeared when the lower criterion for a positive response in women was used. This is in accord with the concept, established on a different basis, that different criteria for interpretation of insulin tests should be used in men and women (Spencer et al, 1969 
